We estimate the correction to the Zbb vertex arising from the exchages of the sideways extended technicolor (ETC) boson and the flavor-diagonal ETC boson in the multiscale walking technicolor model. The obtained result is too large to explain the present data. However, if we introduce a new self-interaction for the top quark to induce the top quark condensate serving as the origin of the large top quark mass, the corrected R b ≡ Γ b /Γ h can be consistent with the recent LEP data. The corresponding correction to R c ≡ Γ c /Γ h is shown to be negligibly small.
Technicolor (TC) [1] is an interesting idea for naturally breaking the electroweak gauge symmetry giving rise to the masses of the W and Z bosons. It is one of the important candidates for the mechanism of electroweak symmetry breaking (EWSB). Introducing extended technicolor (ETC) [2] provides the possibility of generating also the masses of quarks and leptons through interactions with heavy technifermions mediated by massive ETC gauge bosons. The original ETC models suffer from the problem of predicting too large flavor changing neutral currents (FCNC). It has been shown, however, that this problem can be solved in walking technicolor (WTC) theories [3] . Furthermore, the electroweak parameter S in WTC models is smaller than that in the simple QCDlike ETC models and its deviation from the standard model (SM) value may fall within current experimental bounds [4] . To explain the large heirarchy of the quark masses, multiscale WTC models are further proposed [5] . These models also predict a large number of interesting technirhos and technipions which are shown to be testable in the future experiments [6] [7] . So it is interesting to study other physical consequences of these models.
In the new LEP experiments, the measured value of R b ≡ Γ b /Γ h is R b = 0.2219 ± 0.0017 which deviates from the standard model predicted value R SM b = 0.2157 ± 0.0004 (for the top quark mass ranging from 163 GeV to 185 GeV ) by more than 3 standard deviations [8] . Recently, it has been shown [9] [10] that the sideways ETC boson exchange decreases the width Γ b = Γ(Z → bb) , while the flavor-diagonal ETC boson exchange increases it, and the total ETC corrected R b value may agree with the present data. It has been pointed out [11] that walking technicolor reduces the magnitude of the corrections to R b but is still testable at LEP. In this paper, we consider the corrections to the Zbb vertex from sideways ETC boson and diagonal ETC boson exchanges in the multiscale WTC model by Lane and Ramana [5] . We find that this model generate too large corrections to the Zbb vertex. However, if we further introduce a new self-interaction for the top quark to induce the top-quark condensate serving as the origin of the large top quark mass [12] , this new model may lead to an R b consistent with the recent LEP data.
Consider the multiscale WTC model proposed by Lane and Ramana [5] . The ETC gauge group in this model is [5] :
where
and N L stand for the number of technicolors, the number of ordinary colors, and the number of doublets of color-singlet technileptons, respectively. In Ref. [5] , N T C , and N L are chosen to be the minimal ones guaranteeing the walking of the TC coupling constant, which are
at a certain energy scale. In the following calculations, only the SU(N ET C ) 1+2 ET C interactions (with coupling constant g E ) and the doublet of color-triplet techniquarks,
, are actually relevant. The ETC interactions explicitly break the righthanded part of the SU(2) isospin symmetry, and thus lead to the splitting of the up and down fermion masses [5] .
As in Refs. [9] and [10] , we phenomenologically assign the sideways coupling
and g E ξ D to the right-handed SU(2) L of down fermions. The masses of the top and bottom quarks are then
where m S is the mass of sideways ETC boson. In ordinary TC models, naive dimensional analysis [13] with leading 1/N behavior lead to
where F Q is the decay constant of technipions composed of Q. This estimate should be modified in walking technicolor models, and has been extensively studied in Ref. [11] and [14] . In this paper, we simply introduce a factor x to represent the effect of walking technicolor coupling constant. Then (2) can be written as
In the formulation of Ref. [9] and [10] , we further have
In the present model, we take x ≈ 2 for N T C = 6 and m t = 175 GeV [5] [11] [14] . The decay constant F Q satisfies the following constraint [5] :
It is found in Ref [5] that F Q = F L = 20 − 40 GeV . We shall take F Q = 40 GeV in our calculation.
We now calculate the corrections to the Zbb vertex from the sideways and flavordiagonal ETC boson exchanges in the present model. After Fierz reordering, the sideways ETC boson exchange generates the following effective four-fermion interaction
where τ a is the Pauli matrix, and
quarks and ordinarey quarks, respectively. Using the effective Lagrangian approach we can obtain, similar to the calculations in Ref. [10] , the new Zb LbL coupling [10] 
So the corrections to the Zb LbL coupling is
The diagonal interaction is also chiral in the same way as the sideways interaction.
The diagonal ETC boson couplings to the technifermions and ordinary fermions can be obtained by multiplying, respectively, the factors −1/ N T C (N T C + 1) and N T C /(N T C + 1)
to their corresponding sideways couplings [10] . Adding the two kinds of ETC gauge boson exchange contributions together and using the relation in (4), we obtain the following total correction to the Zb LbL vertex in this multiscale WTC model
In the above formula, we have assumed that the mass of sideways ETC boson is equal to that of diagonal ETC boson. The tree-level formula for g 
The new experimental value R b = 0.2219 ± 0.0017 deviates from the SM prediction R b = 0.2157 ± 0.0004 (for m t = 175 GeV, m H = 100 GeV , and α s (m z ) = 0.12) at 3.7σ level [8] .
The result (11) corresponds to R b ≈ 0.2418 which is too large to explain the data.
Comparing with the result in Ref. [10] , we see that the largeness of this correction in the multiscale WTC model is mainly due to the smallness of F Q . In addition, this model predicts a large up-down technifermion mass splitting: m U = 136 GeV, m D = 22 GeV , and m N = 61 GeV, m E = 13 GeV [5] , and this will produce a large value of the electroweak parameter T which may exceed the experimental bounds [12] [15] .
A possible way out is to change the relation between g E and m t in (4) to make the numerator in (9) smaller. There has been much discussion on models of top-quark condensate giving rise to the large top-quark mass [16] . If the top-quark condensate is in charge of the whole electroweak symmetry breaking (EWSB), the required top-quark mass is likely too high. However, if the top-quark condensate is not the only source of EWSB, the value of the condensate may be lower and a proper top mass may be obtained. Such kind of model can be constructed by introducing a new self-interaction for the top quark in the ETC model so that the TC and the top-quark condensate mechanisms are combined together [12] . We can thus make this kind of model by introducing a new self-interaction for top quark in the multiscale WTC model such that the top-quark condensate is mainly in charge of the largeness of the top mass. Then the explicit up-down fermion mass splitting in the Lagrangian described by the difference between ξ U and ξ D can be reduced and the relations in (4) are altered. In this case, the difference between ξ U and ξ D reflects the mass differences between the bottom, charm, and strange quarks. So that we have the following relation:
). Thus, instead of (4), the formulae for the bottom-, charm-, and strange-quark masses are
To generate the correct fermion masses we should have m
Silmilar to the previous calculation, we obtain the following total correction to the Zbb vertex in this new model
The relation ξ L ξ D = m s /m c has been used in (14) . If we take x ≈ 2, ξ L = 1/ √ 2, m c = 1.5 GeV and m s = 0.15 GeV , we have
This corresponds to R b ≈ 0.2207 which is consistent with the present LEP experimental result [8] .
We can also calculate the corrections to the Zcc vertex in the new multiscale WTC model with top-quark condensate. In a similar calculation, we find that the new total
This leads to the following correction to the Zc L c L vertex
With the above values of the parameters, we obtain δR c /R c ≈ 6.5 × 10 −4 . This is too small to be observed in the present LEP experiment.
